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Abstract A simple and sensitive extraction-spectrophotometric method is described for the determination
of sulfonamide drugs, namely sulphamethoxazole, sulphaguanidine, sulphaquinoxaline, sulphametrole and
sulphadimidine, in both pure form and in the dosage forms available in Egyptian markets. The method
is based on ion-pair formation between the sulphonamides and Mo(V)-thiocyanate inorganic complex
in a sulphuric acid medium followed by extraction of the coloured ion-pairs with 1,2-dichloroethane.
The optimum conditions are established. The method permits the determination of sulphonamide drugs
over the concentration range of 5–50g ml−1. The Sandell sensitivity (S), molar absorptivity, correlationsulphadimidine;
Mo(V)-thiocyanate
coefficient and regression equations, and limits of detection (LOD) and quantification (LOQ) are calculated.
The law values of standard deviation (0.09–0.38) and relative standard deviation (0.10–0.550) reflect the
accuracy and precision of the proposed method. The method is applicable for the assay of the investigated
drugs in different dosage forms and the results are in good agreement with those obtained by the official
pharmacopeial method.∗ Corresponding author. Tel.: +20 2 35676896; fax: +20 2 35728843.
E-mail address: e uossry@yahoo.com (E.Y.Z. Frag).
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ntroduction
ulphonamides are an important class of antibacterial drugs used in
edicine and veterinary practice. Sulpha drugs are widely used in
he treatment of infections [1–3], especially for patients intolerant
o antibiotics. The significant commercial success of these medici-
al agents has made the chemistry of sulphonamides a major area
f research and an important branch of commercial importance in
harmaceutical sciences. The official methods of the British Phar-
acopoeia [4] and the United States Pharmacopoeia [5] describe a
itrite titration method for the analysis of sulpha drugs. The methods
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vailable for the determination of sulphonamide derivatives include
igh-performance liquid chromatography [6–11], electroanalytical
ethods [12–14], and spectrophotometric methods [15–19].
The aim of the present work is to suggest a simple, reliable
nd accurate extractive spectrophotometric method for the determi-
ation of some sulphonamide drugs, such as sulphamethoxazole
SMZ), sulphaguanidine (SGD), sulphaquinoxaline (SQX), sul-
hametrole (SMR) and sulphadimidine (SDD) in pure form and
n the different pharmaceutical preparations available in Egyptian
arkets. Different factors affecting these reactions are studied and
hen Beer’s law is carried out.
xperimental
aterials and solutions
ll reagents were of analytical grade and used without fur-
her purification. Water was always deionised. Tablets containing
ulphamethoxazole (400 mg) and trimethoprime (80 mg) were
roduced by Sedico (Egypt). Sulphaquinoxaline sodium powder
20%) and sulphadimidine sodium powder (500 mg) were sup-
lied by Marcyrl and Misr Co. for Pharm Ind. S.A.E. Egypt,
espectively, and were purchased from local markets. For sulph-
guanidine and sulphametrole, authentic samples were prepared and
ested.
A stock solution of ammonium molybdate (2%, w/v) was pre-
ared by dissolving the accurately weighed 2 g of ammonium
olybdate in deionised water. Working solutions were prepared
y accurate dilution from the concentrated solution. 10% (w/v)
olutions each of ascorbic acid and ammonium thiocyanate were
repared by dissolving the accurately weighed amount (10 g) of
ach substance in 100 ml deionised water. 8 M stock solutions of
Cl, H2SO4 and HNO3 acids were prepared by accurate dilution
rom concentrated solutions. Dilute solutions (4 M) were prepared
y accurate dilution.
eference drug solution
00 mg of the drugs under investigation was weighed and dissolved
n 100 ml methanol in a measuring flask.
ample preparation solution
0 tablets of SMZ, SQX and SDD were accurately weighed and
he average tablet weight was calculated. The tablets were then
round to a fine powder. A portion of the powder equivalent to
00 mg of SMZ, SQX and SDD was dissolved in the least amount
f methanol. The resulting solutions were shaken, filtered through
Whatmann No. 1 filter paper and washed with methanol. The fil-
rate and washings of drugs were collected in 100 ml measuring
ask.
pparatus
Perkin-Elmer model 601 UV–vis spectrophotometer with
atched quartz cell of 1 cm optical length was used for spectropho-
ometric measurements in the wavelength range of 200–800 nm.
utomatic Socorex Swiss pipettes (50–200 and 200–1000l) were
sed to measure the very small volumes. Glass micropipettes were
sed to measure the large volumes.
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etermination of SMZ, SQX, SDD, SGD and SMR
ml of 0.02% (w/v) of Mo(VI) solution was added to 6 ml of 4 M
2SO4, 0.75 ml of ammonium thiocyanate (10%, w/v) and 0.1 ml
f ascorbic acid (10%, w/v). Solutions were placed in a 100 ml
eparating funnel. The mixtures were left for 15 min at room temper-
ture (25 ± 5 ◦C). 1 ml of the drugs solution (1 mg ml−1) was added
nd diluted with deionised water to 20 ml, and the reaction mix-
ure was left for another 15 min. The ion-pairs were extracted with
ichloromethane twice with 5 ml portions after shaking for 1 min.
he ion-pairs were collected in a 10 ml measuring flask and methy-
ene chloride was dried over anhydrous sodium sulphate and the
bsorbance of the filtered extract was measured at 470 nm, against
reagent blank, prepared similarly without drugs.
rocedure for tablets
n aliquot was used for the determination of each drug according
o the procedure described above.
esults and discussion
he goal of this investigation was to find a simple, reliable and
ccurate method for the determination of the drugs under study in
outine work. This work was undertaken based on the fact that ion-
airs are formed between the tertiary amino group of SMZ, SGD,
QX, SMR and SDD drugs and Mo(V)-thiocyanate binary complex
ia the protonated nitrogen atom of the drugs. Mo(V) formed by the
eduction of Mo(VI) with ascorbic acid, combines with ammonium
hiocyanate to form a red Mo(V)-thiocyanate binary complex in
ydrochloric or sulphuric acids solution. On adding SMZ, SGD,
QX, SMR and SDD solutions, orange red ion-pairs are formed in
he same acid concentration. The ion-pairs formed are soluble in
ethylene chloride while the Mo(V)-thiocyanate binary complex
s insoluble. Double extraction is necessary to extract the ion-pairs
uantitatively into organic phase. The absorption spectra of the ion-
airs extracted in methylene chloride show maximum absorption at
70 nm for the drugs under investigation, against a reagent blank.
bsorption spectra
he absorption spectra of the extracted ion-pairs in dichloromethane
ere scanned in the wavelength range of 340–550 nm against
eagent blank (Fig. 1). The extracted orange ion-pairs attained max-
mum absorption at 470 nm for all the drugs under study.
ffect of ammonium molybdate concentration (by volume)
he effect of varying ammonium molybdate on the ion-pairs forma-
ion and their extraction in methylene chloride was optimised. The
ata showed that 2 ml of 0.02% (w/v) of ammonium molybdate is
equired for maximum absorbance in a final volume of 10 ml aque-
us solution and in presence of 100g ml−1 of SMZ, SGD, SQX,
MR and SDD.
ffect of ascorbic acidt was found that the reduction probability of Mo(VI) to Mo(V) may
ccur by ascorbic acid or by SCN− in acidic medium. The rapidity,
ensitivity and stability of Mo(V)-thiocyanate binary complex is
nhanced considerably by using ascorbic acid, as ascorbic acid gives
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proposed structures. The structures of the ion-pairs [21] are given
in Scheme 1.Fig. 1 Absorption spectra of Mo(V)-thiocyanate ion-pairs with SMZ,
SGD, SQX, SMR and SDD.
reproducible values and masks many interfering ions. From the data
obtained, it was found that 0.1 ml of 10% ascorbic acid is sufficient
for complete conversion of Mo(VI) to Mo(V). Further addition of
an excess amount of ascorbic acid has no effect on the absorbance
of the formed ion-pairs.
Effect of ammonium thiocyanate
It was found that 0.75 ml of 10% (w/v) ammonium thiocyanate in
a final solution of 10 ml gave the maximum pronounced effect on
the absorbance of the ion-pairs used in the determination of SMZ,
SGD, SQX, SMR and SDD. From the above results, an equation
representing the reaction of Mo(VI) with ammonium thiocyanate in
4 M H2SO4 and in the presence of ascorbic acid can be given as:
Mo(VI)Ascorbic acid−→
4 M H2SO4
Mo(V)6SCN
−−→ Mo(SCN)6−
Effect of acidity
The effect of acids (HCl, HNO3 and H2SO4) on the forma-
tion and extraction of the formed ion-pairs via the reaction of
Mo(V)-thiocyanate and SMZ, SGD, SQX, SMR and SDD drugs in
dichloromethane was investigated. The ion-pairs were formed only
in hydrochloric or sulphuric acid media, not in acetic or perchloric
acids media. The maximum absorbance and high molar absorptiv-
ity (ε) values of the dichloromethane extract using sulphuric acid
were obtained. The effect of adding different concentrations of 4 M
sulphuric acid on the formation of the ion-pairs in the presence
of 100g ml−1 of SMZ, SGD, SQX, SMR and SDD, respectively,
showed that, 6 ml of 4 M H2SO4 is suitable for the formation of
ion-pairs.
Effect of time and temperatureThe effect of time and temperature on the formation of the ion-pairs
is shown in Figs. 2 and 3, respectively. In this method, the com-
plete formation of the ion-pairs needs 15 min before extraction with
methylene chloride at 25 ◦C for SMZ, SGD, SQX, SMR and SDD.
The absorbance of Mo(V)-thiocyanate binary complex is stable after FFig. 2 The effect of time on formation of the ion-pairs.
5 min, while Mo(V)-thiocyanate–drugs ion-pairs needs from 10 to
0 min for complete formation.
ffect of solvents
ethylene chloride and dichloroethane extract these ion-pairs quan-
itatively. Reproducible absorbance readings were obtained after
ouble extraction with 10 ml of methylene chloride (5 ml for each)
nd 1 min shaking time. This gives higher absorbance, more than
0 ml of methylene chloride, at one time for 1 min. The intensity of
he colour formed after extraction by methylene chloride is stable
or at least 24 h.
toichiometry of the formed ion-pairs
he nature of the binding of Mo(V) to each drug in the presence of
n excess amount of ammonium thiocyanate was determined by the
olar ratio method [20] to check the ratio between Mo(V) and SMZ,
GD, SQX, SMR and SDD drugs to select the optimum conditions
or their determination. The results indicate that 1:1 [Mo(V)]:[drug]
on-pairs are formed through the electrostatic attraction between the
ositive protonated drugs, SMZ+, SGD+, SQX+, SMR+ and SDD+
nd thiocyanate negative complex [Mo(SCN)6]−, as shown by theig. 3 The effect of temperature on formation of the ion-pairs.
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tScheme 1 Suggest
alidity of Beer’s Law
nder the optimum conditions described above, the calibration
raphs can be constructed for the investigated drugs. Analytical
arameters for the determination of SMZ, SGD, SQX, SMR and
DD by the proposed method, including molar absorptivity, Sandell
ensitivity (S), concentration range, standard and relative standard
eviations, and regression equation for each drug are given in
able 1. Beer’s law is obeyed in the concentration ranges of 5–300,
–250, 5–250, 5–350 and 5–300g ml−1 for SMZ, SGD, SQX,
MR and SDD, respectively. Above these limits, negative devia-
ions were observed. This can be explained by a possible association
f the species formed in solution to give the final products. The
ean recovery values obtained were in the ranges of 99.50–101.4%,
t
S
a
o
Table 1 Analytical parameters for the determination of SMZ, SQX, SM
Parameters
SMR SMZ
λmax (nm) 470 470
Concentration range (g ml−1) 5–350 5–300
ε (l mol−1 cm−1) 8.28 × 102 1.0 × 103
S (g cm−2) 0.004 0.004
A = mC + z
m 0.004 0.0103
z 0.066 −0.011
r2 0.999 0.998
Percent recovery 99.50–101.4 98.40–100.5
LOD (g ml−1) 2.60 1.02
LOQ (g ml−1) 8.80 3.40
SD 0.02–0.19 0.02–0.12
RSD (%) 0.20–2.98 0.24–3.20uctures of ion-pairs.
8.40–100.5%, 99.27–101.0%, 99.56–101.2% and 99.70–102.0%
or SMZ, SGD, SQX, SMR and SDD, respectively. The correlation
oefficients of the data obtained were 0.999, 0.998, 0.999, 0.999
nd 0.999 for SMR, SMZ, SGD, SDD and SQX, respectively. The
andell sensitivity (S) was found to be 0.004, 0.01, 0.003, 0.004
nd 0.003 g cm−2 for SMZ, SGD, SQX, SMR and SDD, respec-
ively. The limits of detection (LOD) and quantification (LOQ) were
ound to be 1.02, 2.10, 2.10, 2.60 and 2.10g ml−1, and 3.40, 7.02,
.02, 8.80 and 7.02 for SMZ, SGD, SQX, SMR and SDD, respec-
ively. The SD values were 0.16–0.38, 0.12–0.26 and 0.09–0.29 and
he RSD were 0.14–0.55%, 0.12–0.40% and 0.10–0.49% for SMZ,
GD, SQX, SMR and SDD, respectively. The low values of the rel-
tive standard deviations indicate the high accuracy and precision
f the method.
R, SGD and SDD by the proposed method.
Drugs
SGD SDD SQX
470 470 470
5–250 5–300 5–320
4.9 × 102 1.0 × 103 1.2 × 103
0.01 0.003 0.003
0.005 0.005 0.005
−0.007 0.007 −0.002
0.999 0.999 0.999
99.27–101.0 99.56–101.2 99.70–102.0
2.10 2.10 2.10
7.02 7.02 7.02
0.01–0.13 0.01–0.04 0.01–0.12
0.27–3.10 0.14–2.90 0.20–3.50
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Table 2 Inter-day precision of the determination of SMZ, SQX, SMR, SGD and SDD by the proposed method.
Compound [Drug] taken (g ml−1) [Drug] found (g ml−1) Recovery (%) SDa RSD (%)a
SMR 75.00 75.00 100.0 0.018 2.90
150.0 148.5 99.00 0.040 2.30
320.0 319.3 99.78 0.040 1.90
SMZ 75.00 74.90 99.86 0.015 2.40
150.0 150.2 100.1 0.042 2.30
280.0 278.3 99.40 0.063 2.60
SGD 75.00 73.98 98.64 0.010 1.50
175.0 173.5 99.10 0.026 1.22
280.0 218.5 99.30 0.019 0.80
SDD 75.00 75.00 100.0 0.015 2.30
120.0 122.0 101.7 0.025 1.80
220.0 219.5 99.80 0.010 0.46
SQX 75.00 76.00 101.3 0.033 0.50
140.0 138.7 99.07 0.026 1.50
280.0 279.1 99.67 0.040 1.60
a Mean values for five experiments carried out on 4 days.
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wBetween-day measurement
In order to prove the validity and applicability of the proposed
method and the reproducibility of the results mentioned, five repli-
cate experiments, at three concentrations of SMZ, SGD, SQX, SMR
and SDD, were carried out. Table 2 shows the values of intra-day
relative standard deviations for different concentrations of the drugs,
obtained from experiments carried out over a period of 4 days. It was
found that the intra-day relative standard deviations were less than
2%, indicating that the proposed method is highly reproducible and
Mo(V)-thiocyanate binary complex can be successfully applied to
determine SMZ, SGD, SQX, SMR and SDD drugs via the formation
of ion-pairs.
c
f
T
m
Table 3 Spectrophotometric determination of SMZ, SQX and SDD in
authentic samples by the proposed and official methods.
Samples [Drug] taken [Drug] found
Proposed method (g ml−1) Official method
SDD 150.0 151.0 147.1
250.0 250.0 248.5
SMZ 150.0 150.2 149.4
280.0 278.3 279.6
SQX 140.0 138.7 137.5
200.0 199.9 202.0
SGD 150.0 150.0 149.9
200.0 199.9 200.0
SMR 150.0 149.5 149.6
320.0 319.3 320.7
a Proposed method.
b Official method.pectrophotometric determination of SMZ, SGD, SQX, SMR and
DD in pharmaceutical preparations using Mo(V)-thiocyanate
on-pairs
he validity of the proposed method was tested by determination of
MZ, SGD, SQX, SMR and SDD in dosage forms manufactured
y local companies. The concentration of the drugs in the dosage
orms was calculated from the appropriate calibration graphs. There
as no shift in the absorption maximum due to the presence of otheronstituents of the dosage forms. Table 3 shows the results obtained
or the determination of SMZ, SQX and SDD in the dosage forms.
he results can be compared with those obtained using the official
ethod [5]. The proposed method is accurate, with high recoveries
different pharmaceutical preparations and SMR and SGD SDD in
Recovery (%) SDa SDb
(g ml−1) Proposed method Official method
100.7 98.06 0.015 0.047
100.0 99.40 0.040 0.096
100.1 99.60 0.042 0.050
99.40 99.96 0.063 0.040
99.07 98.20 0.026 0.050
99.95 101.0 0.010 0.060
100.0 99.93 0.05 0.09
99.95 100.0 0.05 0.08
99.67 99.73 0.04 0.05
99.78 100.2 0.04 0.05
2a
I
b
t
b
b
i
r
f
C
T
n
r
F
a
T
a
p
R
[
[
[
[
[
[
[
[
[
[
[
[21] Mohamed GG, Nour El Dien FA, Khalil SM, Mohamed NA.20
mounting to 99.89–100.1% for SMZ, SQX and SDD, respectively.
t is clear from Table 3 that the percentage recovery values obtained
y the proposed method are higher than those obtained by the official
itrimetric method (98.06–101.0%). Further, the SD values obtained
y the proposed method are more or less lower than those obtained
y the official method. The same was obtained for authentic samples
n drugs containing SMR and SGD (Table 3) where the percentage
ecovery was 99.67–100.0%. The correlation coefficient values were
ound to be 0.998–0.999.
onclusion
he proposed method has been successfully applied for determi-
ation of the drugs under investigation in pure and dosage forms;
esults obtained are given in Table 3. From the calculated t- and
-values it is clear that the results obtained by the proposed method
re in good agreement with those obtained by the official method.
his method requires less time for analysis, provides better RSD
nd LOD and has a wide concentration range over the previously
ublished methods [15,19].
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